as in Fig. 3 , and the circuit in Fig. 2 
and if f is within the pass band of the filters, f' will also be within the pass band of the filter, but at the other side of fo. As is indicated in Fig. 2 ()
Herein, and for the parametric amplifier and up-converter discussions to follow, the 10SS elements R,, R,', G~, and Gd' in Figs. 3 and 4 will be defined as: 
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In order to obtain equations which relate the midSolving for u, and then for w by use of (34) gives the band gain of a degenerate amplifier to its filter bandfilter fractional bandwidth (13) we can compute (7), (8), and (26), we see that
By (31), (32), (22), and (23), 
applies.
From (39) and (40) ,,
f. Fig. 4 are, for most practical purposes, the impedances of the series arm in Fig. 16 (minus Cls) at frequencies f and f', respectively.
For the case of nondegenerate amplifiers, the circulator on the right in Fig. 4 
If the diode is resonated in shunt, the analogous relation
applies. Using Fig. 4 as a model, by use of (13) 
was obtained for the computation of .&o, and R&O' was computed by use of (44). Slope parameters bz and bz'
were obtained by (e) in Fig. 7,16 and the entire design is tabulated in Table  I under Design No. 6.
16 Note tk~t w' from (42) and R50' must be used in computing hi'.
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The circuit can again be analyzed in the form in Fig. 4 (the circulators, of course, are not needed since the output and input m-e at separate ports). In this case, however, it can easily be shown from Rowe's work2 [in a manner similar to the derivation of (9) and (10) 
apply instead of (9) and (10). According to the Manley Rowe equations,2 (14) becomes for this case Optimum 
lo Examination of tables of prototype filter element~'altlesg-lo shows that this statement holds for prototype filters having two times an odd number (but not two times an even number) of reactive elements.
zo TO yerif y these statements it is imports mt to note that wheu (4) and (9) apply, if .f<.fo, thenfl >~o' and in Fig. 4 The element values for the converted form in Fig. 21 (b) are 11=2.6064, C2= 1.2479, 13= 1.7254, and r'L= 1.000.
Carrying out the design as described in the preceding Optimum Design of Wide-Band Parametric Amplifiers 37 " S. B. Cohn, "The noise figure muddle, " The lficrowaw~., Tel. 2, pp. 7-11; Niarch, 1959. 
